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 The aim of the study was the investigation of the structure of the Zala Basin and the 
Keszthely Hills, with particular attention to its Mesozoic deformations. Structural analyses of 
the study area were carried out based on combined seismic and field data. The study area is 
the southwestern part of the Transdanubian Range unit, which represents the upper-most 
nappe of the Austroalpine nappe pile (e.g., Tari 1994). 
The Transdanubian Range suffered repeated pre-orogenic extension based on mostly 
thickness variations and facies-changes of the Triassic – Jurassic succession (Galácz & Vörös 
1972; Galácz 1988; Budai & Vörös 2006; Haas 1993; Csillag et al. 1995; Vörös & Galácz 
1998). However, the related map-scale faults are just poorly identified and they have not been 
interpreted on seismic sections or illustrated on geological cross sections, yet. In this work, I 
made a first attempt to identify map-scale pre-orogenic normal faults in the southwestern 
Transdanubian Range based on modern 2D seismic sections, 3D cubes, and surface 
observation. 
Triassic – Jurassic extensional deformations was followed by Cretaceous folding, 
which represents one of the major deformations of the study area. However, the geometry, the 
style of deformation and the number of folding phases are strongly controversial in different 
works. Cretaceous compressional structures show various trends. The question arises, what is 
the reason for multidirectional Cretaceous compressional structures? This question is 
traditionally explained by two or even three phases of folding events in the Transdanubian 
Range (Tari 1994; Pocsai & Csontos 2006; Csontos & Vörös 2004; Sasvári 2008, 2009; Tari 
& Horváth 2010). During my work, I gave an alternative explanation for this question.  
The role of thin-skinned deformation is also not clear during the Cretaceous 
contraction. Several authors propose the presence of internal thin-skinned nappes within the 
Transdanubian Range (Tari 1994; Tari & Horváth 2010; Sasvári 2009), which corresponds to 
large-scale allochtonity and large amount of internal shortening of the Transdanubian Range 
Unit. On the other hand, other authors calculate with smaller amount of internal shortening 
(Dudko 1996; Fodor et al. 2013b; Fodor et al. 2017). I tried to clarify this issue based on 
construction of regional cross-sections and their balancing. 
Of course, I do not ignore the deformations of the Latest Cretaceous – Cenozoic 
timespan, which strongly overprinted the structures of the above mentioned Mesozoic 
deformations. Separation of phases and determination of fault pattern was carried out in the 




 In the huge quarries of the Keszthely Hills the folded Mesozoic basement is exposed, 
and I made structural observations and measurements there. I measured the dip and dip 
azimuth of outcrop scale faults. Field data were plotted and analyzed by software TECTOR 
(Angelier 1990) and Innstereo. 
In the Zala Basin the Mesozoic basement is under Cenozoic cover, and was 
investigated based on 2D and 3D seismic and well data. I made structural mapping based on 
67 bit of 2D lines and three cuboids of 3D seismic blocks by the software Decision Space. 
Based on combined seismic and field data I constructed an E-W regional cross-section 
across the Zala Basin and Keszthely Hills. I restored the section in two steps by the software 
Midland Valley Move. Due to this procedure, I was able to determine the original pre-
orogenic (Triassic- Jurassic) basin geometry of the study area in a section-view. 
 
3. Results, theses of the research 
 
Thesis 1 
I described and characterize the Norian to Jurassic normal faults in the southwestern 
Transdanubian Range based on seismic and field data (D1 phase). The related normal faults 
are mostly WNW-ESE striking. Normal faulting started probably during the deposition of 
Hauptdolomit, and this process progressively led to the formation of Late Triassic intra-
platform basins. The main syn-tectonic deposits are the graben infill of these intra-platform 
basins; namely the middle – late Norian Rezi Dolomite and the latest Norian - Rhaetian 
Kössen Marl. Extensional deformation continued during Jurassic, however, I suggest that 
main pre-orogenic extension have been occurred during Late Triassic. 
 
Thesis 2 
The observed Late Triassic extensional graben system is the first sign of the onset of 
continental rifting, related to the later Alpine Tethys. The investigated graben system situated 
on the future proximal Adriatic margin, and the locus of extensional deformation gradually 
migrated west, toward the future distal Adriatic margin, which finally led to the opening of 
the Alpine Tethys. According to my view, this continental rifting was initially asymmetric, 
which is supported by the migrating locus of extension, and differential thinning of the layers 
of the lithosphere. During this extension, the Adriatic plate represented the lower plate. 
 
Thesis 3 
One of the most significant deformations of the study area was its folding during Albian to 
Coniacian time interval (D2 phase). My results suggest, that there was only one phase of 
folding during Cretaceous. The direction of compression was E-W in the Zala Basin and 
Keszthely Hills. The oblique, NE-SW and NW-SE trend/strike of D2 folds and thrusts is the 
result of structural inheritance of the D1 normal fault – relay ramp system. Kilometre-scale 
curved compressional structures (salient and recess) developed due to the buttressing effect of 
pre-existing normal faults. In other words, pre-existing normal faults acted as obstacle during 
D2 contractional deformation, and they confined the propagation of Cretaceous thrusts and 
folds, which led to the formation of arcuate compressional structures. 
   
Thesis 4 
I consider main synclines of the Zala Basin (Nagylengyel syncline and Sümeg-Devecser 
syncline) as thick-skinned buckling folds, in contrast with previous interpretations, which 
interpreted them as trailing synclines of west-vergent fault bend folds (Tari and Horváth 2010; 
Fodor et al. 2013). Seismic evidences show that the Bakonybél thrust is a fold-
accommodation fault (out-of-syncline thrust) in the sense of Mitra (2002). I think similar 
origin of the observed thrusts is possible in the study area (Nagylengyel thrust, Litér thrust). 
The development of these second-order structures is partly influenced by space problems, 
which derived from confined flexural slip folding. 
 
Thesis 5 
Using balanced cross section, a rough estimation of Cretaceous shortening was carried out 
which suggest just approximately 10 % of internal shortening in the western part of the 
Transdanubian Range. This values suggests a significantly smaller amount of deformation, 




Post-folding Senonian sedimentation was accompanied by syn-sedimentary NE-SW extension 
(D3 phase). The study area was not reached by significant deformation during Latest 
Cretaceous – Early Paleogene timespan, since there is no significant angular discordancy 
between Senonian and Paleogene deposits.  
 
Thesis 7 
The Paleogene Bak-nova graben can be interpreted as a transtensional half graben (D4). I 
gave two possible explanations for the observed geometry. In the first case NE-SW striking 
D4 faults represent major normal faults, and WNW-ESE striking normal faults are breached 
relay ramps. In the second scenario, NE-SW striking normal faults are transfer faults, which 
accommodate normal faulting on WNW-ESE striking faults.  
 
Thesis 8  
Narrow thrust and fold belt formed in the southern part of the study area which is coeval and 
strikes sub-parallel with the Late Oligocene – Early Miocene dextral Mid Hungarian Shear 




The Miocene (D6) Zala half graben developed in the hanging-wall of the Baján detachment 
fault from 18 Ma. A huge roll-over anticline is outlined based on the base of Miocene 
horizon. This roll-over fold is dissected by a number of second-order Miocene normal faults, 
which have NW-SE strike. These normal faults are limited to the area north of the WNW-ESE 
striking Petri fault, which can be considered as a dextral transfer fault, which is 
accommodating movement on Miocene normal faults. South of the Petri fault the Miocene 
deformation can be characterized by gentle syn-sedimentary folding (D6). Due to the 
northward movement of the Adria indenter, the inversion of the Pannonian Basin is active 




 Widespread map-view Late Triassic extensional structures have been identified in this 
study. This time-span represent the most intense interval of pre-orogenic continental rifting in 
the southwestern Transdanubian Range. I put in a new light on the geometry of Cretaceous 
compressional structures: in this new interpretation inherited, pre-existing normal faults (D1) 
have important role. Although structural inheritance is widely known from other thrust belts, 
the present study represents the first application of this model in the Transdanubian Range. 
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